We calculate the effect of sterile neutrinos and nonstandard neutrino interactions on the flux of active neutrinos from the Earth's crust and mantle taking matter effect into account in both cases. For simple Earth model and using previous emission flux estimates at the source, we find that for reasonable choice of parameters for both the sterile neutrino and nonstandard interaction, the effect on the neutrino flux is a few percent or less.
I. INTRODUCTION
There is considerable discussion in the literature about the possibility that there exist very light sterile neutrinos (with mass less than or of the order of an eV) that mix with the known three active neutrinos [1] [2] [3] . While none of the indications for such neutrinos is conclusive, the existence of such particle has such significant impact on the nature of physics beyond the standard model that all possible venues where their effects may manifest must be explored. [4] The existence of sterile neutrinos affects the propagation of active neutrinos in all experimental settings. [5] [6] [7] One of the ways to verify the existence of sterile neutrinos is to analyze geoneutrino fluxes. Geoneutrinos are neutrinos being produced by radioisotopes inside the Earth. [8] [9] There are several geoneutrino detectors around the world, such as jinping underground laboratory [10] and KamLAND [11] . There is another neutrino detector under construction in Jiangmen, China [12] . By calculating the geoneutrino flux on the surface of the Earth using various neutrino oscillation models, we are able to find out which oscillation model matches the experimental data the best.
II. ORIGION OF GEONEUTRINOS
There are three main sources of neutrino that can be detected on Earth: cosmological neutrinos [13] , reactor neutrinos [14] [15] , and geoneutrinos [16] . In this paper we are focusing on geoneutrinos, which come from inside the Earth. There are several kinds of radioisotopes in the earth that can produce neutrino fluxes. Three major contributions of geo-neutrino fluxes are 238 U , 232 T h, and 40 K. The decay chain of these three isotopes are [17] 
However, the energy produced by the two potassium decay chains are below the IBD (inverse beta decay) threshold of 1.8 MeV. So the neutrino flux being produced by those processes cannot be detected by current 
III. THE EARTH MODEL
The earth model we used is CRUST1.0 [18] In that model, the Earth contains seven layers: upper crust, lower crust, upper mantle, transition zone, lower antle, outer core, and inner core [19] . The density and the abundance of HPEs are assumed to be uniform in each layer. [20] The depth, density and HPE abundances in each layer are listed in Table 1 . [21] IV. NEUTRINO OSCILLATION IN VACUUM We used PMNS matrix to describe the relation between mass and flavor eigenstates of neutrinos. Consider a neutrino with a specific lepton flavor |ν a , where a = e, µ, τ . In general, this flavor eigenstate of a neutrino is not a mass eigenstate, but rather a superposition of mass eigenstates |ν i , i = 1, 2, 3
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For the active neutrino model, we have 
Similarly, if we add the sterile neutrino into our model, The analytic form of U becomes: 
From equation 4 and the definition of U, we can derive the transition probability between two neutrino flavors:
Then the electron survival probability becomes
In general, there might be CP phases in neutrino mixing and the matrix elements U αi are complex. Those CP phases might affect the transition probabilities of different flavors of neutrinos. However, in this paper we focus only on the survival probability of electron neutrinos. The relevant matrix elements are U ei , i = 1, 2, 3, 4. All these elements are multiplication of trigonometric functions, and the CP phases do not affect the mode squares of such elements.
V. GEONEUTRINO OSCILLATION INSIDE THE EARTH
Neutrino oscillation can be described by the following differential equation:
When neutrinos travel through matter, there will be a potential term in the hamiltonianĤ that will affect the oscillation. There are two contributions to the potential. One is called Mikheyev-Smirnov-Wolfenstein effect, or MSW effect. [22] This part of potential comes from the scattering between electrons and neutrinos. The contribution of MSW effect to the Hamiltonian is: 
The other contribution is from non-standard interactions (NSI) [23] [24] , which has the form in the effective potential: [25] 
Diagonalizing the above matrix, we havê
After plugging in the upper limit of NSIs for geoneutrinos: [25] 
VI. CALCULATION OF GEONEUTRINO FLUX
In this section we calculated the total geoneutrino flux that should be detected on Earth. Integrating theν e flux produced from all seven layers inside the Earth, we get the expression of theν e flux for each element: [17] Here λ is the decay constant, µ is the standard atomic molar mass, n ν is the number of ν e emitted per decay, A is the natural abundance of the element, L is the distance between the source and the detector, i can be U, Th, or K. Here we assumed uniform abundance of HPE's in mantle, and no HPE's in the core of the Earth. [8] That is probably the reason why the total flux we calculated is smaller than observed values. We used a seven-layer model of the earth, and assumed uniform density in each layer. [21] The average electron neutrino survival probability for a specific neutrino energy E is [22] 
Where P ee (E, L) can be calculated from equation (6) From the plots, we can see that the electron survival probabilities increase when energy increases, and the MSW effect has very small effect on geoneutrinos. These agrees with previous results. [17] Furthermore, we can see that if we add a sterile neutrino to the 3-neutrino model, P ee will decrease by about 2% . But if we also consider the non-standard interactions, P ee will increase by about 2% .
Gianni Fiorentini etc. provided an analytic way to calculate geoneutrino flux. [26] In their model, the total geoneutrino flux φ(X) can be estimated as:
Where A is the specific geo-neutrino activity, i.e. the number of geo-neutrinos produced per unit time and volume, X stands for U or Th, R e is the radius of the earth, R 1 and R 2 are the radius of lower and upper bounds of a spherical layer of the Earth. Using this equation, the total geoneutrino flux in our earth model is 44.4TNU. This value is very close to the numerical result from computer simulation (45TNU).
VII. CONCLUSION
We analyzed the oscillation of electron antineutrinos inside the Earth using the simplified Earth model and taking account both the matter effect and the NSI effect. The results are shown in three figures. In Fig.1 we can see that the average electron antineutrino survival probabilities(P ee ) under different conditions are between 0.54 and 0.61. They increase as neutrino energies increase. This coincides with the prediction in Wan's Paper. [17] Comparing the blue line with the red line, we can see that if we include sterile neutrinos into the oscillation model, P ee will become lower than that of the threeneutrino model. This phenomenon is expected, since the However, if we include the non-standard interactions(NSI), P ee becomes larger. Fig.2 and Fig.3 show the effect of Earth matter and NSI to P ee . Comparing the blue lines and the green lines in these two figures, we can see that the MSW effect of the Earth is very small. The NSI effect, on the other hand, is larger than MSW effect, and increases P ee . The change in P ee caused by NSI becomes larger as the energy of neutrino increases. The average change is about 2% with the strongest possible effect of NSI. [27] [28] [29] In the previous discussion, we plugged in the highest possible values allowed by experimental observation in equation 12. In general, the actual matrix elements can be complex and the effect on P ee might be much smaller then what is showed in figure 2 and figure 3 . We reduced the values of all elements in equation 12 by a factor of 2 and 4, and examined the change of P ee . The results are showed in figure 4 . We can see that the effect of NSI on P ee is roughly proportional to the values of matrix elements. When the values are below 1/4 of the experimental bounds, the effect of NSI will be hard to see.
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